Introduction
In 1996-1997, highly pathogenic avian influenza virus H5N1 (HPAIV) emerged in Hong Kong, and by July 2007, it had caused 191 human deaths and 300 outbreaks in domestic poultry, water fowl, or wild birds in Asia, central Europe, Africa, and parts of the Middle East 1) . In Korea, the low and high pathogenic avian influenza (LPAI, HPAI) firstly occurred at GyeongGi-do in 1996 and at Chungcheongbuk-do in 2003, respectively 2) . According to the epidemiological survey of high pathogenic avian influenza during 2010-2012 3) , HPAI started off at Iksan city, Jeollabukdo, and spread into Chungcheongnam-do, Chungcheongbukdo, Jeollanam-do, and Gyeongsangnam-do, in which an outbreak of HPAI resulted in the destruction of about 5.4 million birds at a cost of about 3,500 hundred million.
Avian influenza virus is a lipid-enveloped virus of the family Orthomyxoviridae and genus Influenza virus A 4) . The virus occurs in low pathogenic and high pathogenic form in domestic poultry. Low pathogenic avian influenza virus (LPAIV) is less severe and causes mild respiratory disease. However, HPAIV causes rapid increases in mortality. Two genes are in the AIV single-stranded sequence code for envelope proteins (hemagglutinin [H] and neuraminidase [N] ). Type A influenza viruses can be divided into 16 hemagglutinin (HA, H1-H16) and nine neuraminidase (N1-N9) subtypes based on the genetic sequence for the envelope proteins 5) . H5 and H7 are the most virulent strains to cause HPAIV in domestic poultry. Although most H5 or H7 viruses are low pathogenic, H5 has been demonstrated to mutate from LPAIV to HPAIV 6) . Pandemic influenza virus has its origins in avian influenza viruses. HPAIV subtype H5N1 is already panzootic in poultry, with attendant economic consequences. It continues to cross species barriers to infect humans and other mammals, often with fatal outcomes 7) . Viruses can be grouped in terms of resistance to disinfection strategies. Avian influenza is relatively easy to disinfect due to the lipid envelope that increases its sensitivity to dehydration, detergents, and surfactants 8) . For example, citric acid is effective at inactivating acid-sensitive viruses, then it can be combined with detergents, and it is typically safe for use on personnel and clothing. The quaternary ammonium compounds (QAC), lipophilic disinfectants have a broadspectrum virucidal activity against many viruses containing AIV except for nonenveloped viruses 9, 10) . Highly hygienic measure including the use of disinfectant is very effective for successful control of bacterial and viral diseases in farmed animals 11) . Several disinfectants including quaternary ammonium compounds, organic acids, glutaraldehyde, aldehydes, sodium hydroxide, and chlorohexadine are used for decontamination after outbreaks of farmed animal diseases 11, 12) . However, there is not the efficacy test for the disinfectant composed of quaternary ammonium chloride and citric acid against viral animal diseases. Therefore, this study was carried out to examine virucidal efficacy of the disinfectant solution against the avian influenza virus.
Materials and methods

Disinfectant
The active ingredients for Citra-Kill .
Avian influenza virus and culture
Avian influenza virus H9N2 (MS96 strain, AIV) obtained from National Veterinary Research and Quarantine Service (NVRQS). The AIV was inoculated in 10-day-old chicken embryos through the allantoic membrane route. The inoculated eggs were then incubated at 37 o C at 85% humidity for 3 days. When the level of viral particles propagated in allantoic fluid was 3.0 × 10 9 /ml, allantoic fluids were harvested and used to test the antiviral activity of disinfectant.
Diluents and treatment condition
Testing was based on virucidal effects of disinfectant diluents in three treatment conditions (distilled water (DW) condition, standard hard water (HW) condition, and organic matter (OM) condition), pathogen control (disinfectant negative control) and DW control (both disinfectant and pathogen negative control) in Table 1 . HW, an ingredient of HW treatment condition, was made by adding anhydrous CaCl 2 0.305 g and MgCl 2 ·6H 2 O 0.139 g into 1 liter distilled water. Organic suspension, an ingredient of OM treatment condition, is a solution of 1% (w/v) fetal bovine serum (FBS, SigmaAldrich Korea, Seoul) in HW.
Virus-disinfectant contact reaction Citra-Kill ® was diluted 1,200, 1,500, 2,000, 2,500, 3,000, and 3,500 times with DW, and diluted 1,000, 1,200, 1,500, 2,000, 2,500, and 3,000 times with HW, and diluted 100, 200, 300, 400, 500, and 600 times with OM, respectively. After dilution of disinfectant, 2.5 ml of disinfectant diluents was added into each test tube.
One ml of the allantoic fluid containing AIV was diluted with 19 ml DW, HW, and OM, respectively. After dilution of the allantoic fluid, 2.5 ml of the diluents was inserted into each test tube containing disinfectant diluents, and incubated at 4 o C for 30 min.
Evaluation of Citra-Kill
® against AIV After virus-disinfectant contact reaction, 2.5 ml of 10% inactivated fetal bovine serum was added into each test tube to neutralize efficacy of disinfectant at room temperature. The neutralized solutions were diluted 10, 10 6 times with phosphate buffer solution and 0.2 ml of the neutralized solution diluents was injected into the allantoic membrane of five 10 day-old-chicken per dilution time. After inoculation, the embryos were incubated for 5 days at 37 o C with relative humidity at 85%. The embryos were checked for viability everyday during the incubation period. After incubation of the embryos, the allantoic fluid was collected from each embryo to examine the viability of AIV and its ability to propagate to result in a detectable . Five control embryos were injected with the virus without contact with Citra-Kill ® (positive controls), and five embryos did not receive any injection (negative controls).
The validity of concentration for the disinfectant was estimated with the concentration of the dilution that the viral dose in the allantoic fluid treated with Citra-Kill ® was inactivated more than 10 4 EID 50 (egg infective dose 50) compared with positive control.
EID 50 was calculated according to the method of Käber
14)
. The validity of concentration for Citra-Kill ® was independently examined on triplicate and determined the validity of concentration with the median of the results. Table 2 -4 present the results of the efficacy testing of Citra-Kill ® composed to quaternary ammonium chloride and citric acid against AIV. Table 5 shows the summary of the valid dilution time for Citra-Kill ® against AIV. On DW condition, AIV was inactivated with 2,000 fold dilutions of the disinfectant throughout all experiments. When the antiviral effect on HW condition was evaluated, the antiviral activity of the disinfectant showed on 1,500 fold dilutions against AIV throughout all experiments. With the investigation of the antiviral effect of the disinfectant on OM condition, AIV was inactivated on 500 fold dilutions.
Results and Discussion
As organic material interferes with efficacy by either inactivating the disinfectant or blocking it from surface contact, the virucidal activity of Citra-Kill ® on the OM condition lowered efficacy against AIV compared with DM or HW conditions. Kassaify et al. (2007) reported that the treatment with quaternary ammonium compounds at the concentration of 10 mg/ ml showed no efficacy against AIV on HW and OM condition . Lombardi et al. (2008) reported that citric acid at the concentration of 1% effectively inactivated AIV on hard and nonporous surfaces 17) . In the present study, the disinfectant efficacy of Citra-Kill ® against AIV showed higher than the individual quaternary ammonium chloride tested by Kassaify et al. 15) . In addition, Citra-Kill ® was higher effective than the individual citric acid 
, Log of lowest dilution tested; L, log interval between dilutions; S, sum of % mortality at each dilution) examined by Lombardi et al. 16) . It might that the virucidal efficacy of Citra-Kill ® was higher than the individual quaternary ammonium chloride and citric acid because the interaction of quaternary ammonium and citric acid makes the synergistic effect against AIV.
In this study, disinfectant efficacy of Citra-Kill ® has a limitation that the results are based on in vitro test. Organic material in suspension (OM condition) could not represent all possible parameters of AIV contaminated environments.
As the efficacy of Citra-Kill ® against AIV was investigated in vitro, a controlled field trial is required to determine whether the use of Citra-Kill ® will be able to reduce AIV. 
